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A striking feature of systemic lupus ery-
thematosus (SLE) has been the cutaneous involve-
ment in this disease, which is manifested as an 
erythematous, macular-papular rash scattered on 
various parts of the body but especially on the 
sun-exposed surfaces. The skin rash of SLE may 
present as the first sign of the disease and often 
waxes and wanes in parallel with the activity of the 
systemic illness. SInce SLE is characterized so 
strikingly by immunologic abnormalities, it was 
apparent to many investigators that studies of the 
skin lesions with immunologic techniques might 
provide useful information regarding some of the 
pathogenetic mechanisms controlling disease ac-
tivity. We and others [1-3] have used the immuno-
fluorescent technique to study the skin lesions of 
patients with SLE. The findings which have been 
described will be summarized below. 
Skin sections from patients with SLE were 
examined for the presence of IgG fixed to tissues 
[1]. The most common finding was fine lumpy 
deposits of immunoglobulin at the dermal-epider-
mal junction. This type of fine lumpy deposits can 
be associated with large, irregularly shaped "hya-
line" bodies also at the dermal-epidermal junction 
region. The nuclei of the epidermal cells contain 
IgG and the presence of nuclear IgG is associated 
with fine lumpy deposits at the basement mem-
brane region. The findings just described can be 
seen not only in the superficial layers of the skin 
like the epidermis and the immediate subjacent 
basement membrane region but also in the deeper 
layers of the skin. The basement membrane region 
of hair follicles may contain fine lumpy deposits of 
IgG and similarly, the basement membrane region 
of a sweat gland may contain these fine lumpy 
deposits. In many cases of SLE, significant vas-
culitis involving small blood vessels in the dermis 
can be observed by light microscopy, and strong 
evidence that this is an immunologic reaction can 
be seen from examples in which the wall of 
medium-sized arterioles contained immunoglobu-
lin. In addition, the infiltrating cells around the 
arteriole may have immunoglobulin fixed to 
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nuclei, a phenomenon which was also seen for the 
infiltrating cells around thin-walled blood vessels. 
Further studies have shown that the major class 
of immunoglobulin involved was IgG. To a lesser 
extent IgM was involved but IgA was rarely ob-
served. Complement was also present in the areas 
staining for IgG and IgM and this was first 
demonstrated as staining for the C3 component of 
complement. In later studies by Provost and 
Tomasi [4] it was shown that complement compo-
nents of the alternative pathway could also be 
detected in these skin lesions. It has been stated by 
some authors, including Tuffanelli et al [5] and 
Percy and Smyth [6] that 90% of areas with skin 
rash demonstrated fine lumpy deposits at the 
basement membrane region. In our initial studies 
presented in 1966, we noted that a biopsy from the 
area of uninvolved skin in a patient with SLE also 
showed the presence of fine lumpy deposits at the 
basement membrane region. Several days after the 
biopsy was taken from this area, this region of the 
skin and other regions broke out into a typical SLE 
type skin rash. This observation has been con-
firmed by other investigators who have shown that 
clinically noninvolved areas of skin in patients 
with SLE demonstrate a 60% incidence of fine 
lumpy deposits at the basement membrane region. 
Indeed, biopsy of the skin in patients with SLE to 
look for the presence of characteristic immune 
deposits has been suggested to be a useful diagnos-
tic test in SLE [6, 7]. 
The presence of immunoglobulin and comple-
ment in the skin lesions of SLE, without the 
association of other tissue-fixed serum proteins 
except in a few cases where fibrin has been 
detected, makes a very strong case for the partici-
pation of immune reactions in the pathogenesis of 
these skin lesions. It is apparent from the descrip-
tion above that there were two major findings. The 
first was the presence of lumpy deposits of immu-
noglobulin and complement at the basement mem-
brane region and the second was the finding of 
bound immunoglobulin and complement in the 
nuclei of cells in the epidermis and in nuclei of 
infiltrating cells surrounding blood vessels. The 
lumpy deposits at the basement membrane region 
or the dermal-epidermal junction· area were cer-
tainly very reminiscent of the lumpy deposits of 
immune complexes in the glomeruli of experimen-
tal animals with foreign antigen-induced serum 
sickness nephritis [8]. There was, however, the 
possibility that this might be an antibody directed 
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against and reacting specifically with basement 
membrane material. Studies of skin biopsies by 
many investigators have rarely shown linear stain-
ing in the basement membrane region which is the 
characteristic demonstration of antibody to base-
ment membrane. However, recent studies by Lan-
dry and Sams [9) on skin obtained at autopsy from 
2 patients with SLE showed that immunoglobulin 
was fixed in a linear fashion at the basement 
membrane region. Elution of the immunoglobulin 
from the basement membrane region and reap-
plication of the eluted antib~dy to skin targets, 
however, did not produce linear staining of · the 
basement membrane. This might be due to limita-
tions imposed by the technique itself. It appears 
reasonable to state that if antibodies to basement 
membrane are present in patients with SLE, they 
are present in the minority of such patients. The 
argument that the lumpy deposits at the basement 
membrane region are immune complexes of anti-
gen and antibody which for some reason are fixed 
in this area of the skin, is further substantiated by 
the electron microscopic studies of Schreiner and 
Wolff [10) who used the technique of antihuman 
globulin antibody conjugated to horseradish perox-
idase to show that immunoglobulins present in this 
region did not demonstrate preferential affinity for 
specific structures but were found in basement 
membrane, vascular, and intercellular spaces. 
The fixation of immunoglobulins and comple-
ment in the nuclei of the cells was probably related 
to a different mechanism. There was some specific-
ity to this type of reaction because the immune 
reaction appeared to involve only nuclei of cells 
and did not involve cell membrane or cytoplasm. 
Since it is well known that a multitude of antinu-
clear antibodies are present in the sera of patients 
with SLE and that these antinuclear antibodies 
react with different nuclear macromolecules , it was 
reasonable to entertain the idea that circulating 
antinuclear antibodies had somehow traversed the 
basement membrane and penetrated cell mem-
branes to react with intracellular nuclei . There was 
some experimental evidence to support this con-
cept, since it had been shown that the basement 
membrane between the dermis and epidermis was 
readily permeable to tracer proteins of various 
molecular sizes [11]. It was further conceivable 
that if injury to the basement membrane and to 
cell membranes had been produced by some other 
stimuli, these membranes might become even 
more permeable to proteins from intercellular 
spaces. These considerations led to the following 
series of studies. 
EXPERIMENTAL MODEL TQ STUDY THE 
PATHOGENESIS OF SKIN INVOLVEMENT IN SLE 
It has been widely known by photochemists and 
photobiologists that a certain portion of the spec-
trum of ultraviolet light (UVL) is able to transform 
DNA in a photochemical reaction. The phototrans-
formation of DNA consists of a condensation of 
CUTANEOUS INVOLVEMENT IN SLE 361 
adjacent thymines on the homologous strand of 
DNA to form a cyclobutane thymine dimer. In 
microorganisms irradiated with UVL, the forma-
tion of thymine dimers has been directly related to 
incidence of death due to irradiation. Levine and 
associates [12] showed that the thymine dimer on 
UVL-irradiated DNA was antigenic and that when 
it was injected into experimental animals, anti-
bodies reacting with thymine dimer were pro-
duced. We ourselves have extended these studies 
and have shown that when native, double-stranded 
DNA is irradiated with UVL, thymine dimers are 
produced and that when the irradiated native 
DNA is used as immunogen, animals produced 
antibodies only to the thymine dimer without 
cross-reacting antibodies to native or to single-
stranded DNA [13]. Thus, the antibodies were 
specific reagents for thymine dimers alone. With 
the use of this reagent, it was observed that when 
living animals such as mice were whole-body 
irradiated with UVL, thymine dimers were pro-
duced in the cells of the epidermis and dermis of 
the irradiated mice [14]. This fact was demon-
strated with the fluorescent technique using anti-
body specific for thymine dimer as the reagent. 
The findings are illustrated in Figure 1 where it can 
be clearly seen that almost all nuclei of epidermal 
cells of the irradiated mouse contain thymine 
dimers in the nuclei . 
A further observation which helped in the con-
struction of an experimental model to study the 
pathogenesis of skin lesions in SLE was the finding 
that the damaged segments of DNA in skin of 
irradiated mice were apparently excised by intra-
cellular enzymes or perhaps released by cells 
undergoing cell death and/or cell regeneration [15]. 
Since we had a specific antibody for thymine 
dimer, it was possible to devise an immunologic 
assay to determine whether excised thymine di-
mers were being released into the circulation of 
animals recovering from irradiation. This study is 
shown in Figure 2 which uses inhibition of comple-
ment fixation to detect presence of thymine dimers 
in the circulation after irradiation. It is seen that 
within a period of 2 hr after irradiation, thymine 
dimers could be detected easily as shown by the 
increasing inhibition of complement fixation when 
increasing amounts of serum from irradiq,ted ani-
mals were added to an immunoassay system con-
sisting of thymine dimer and homologous anti-
body. In fact, even after 15 hr of irradiation, small 
amounts of thymine dimers could be detected. 
These results were confirmed with the immuno-
fluorescent method, where it was shown that 
several hours after irradiation, thymine dimers 
disappeared from epidermal cells but were de-
tected in the dermal-epidermal region of the skin 
of the irradiated animals. 
. Our experimental model was therefore con-
structed as follows [16]: (1) Mice were immunized 
with UVL-irradiated DNA. After several courses of 
immunization these animals produced high titers 
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FIG. 1. Demonstration of photochemical transforma-
tion of DNA in nuclei of epidermal cells of a mouse 
irradiated with ultraviolet light. A is a biopsy from the 
skin of an irradiated mouse and B is from an unirradiated 
animal. Both sections were treated with antiserum spe-
cific for thymine dimer and the indirect immunofluores-
cent technique was used to demonstrate thymine dimers 
in nuclei (x 620). 
of circulating antibodies to thymine dimer. No 
harmful effects were observed in these animals. (2) 
The animals were then whole-body irradiated with 
UVL to produce thymine dimers in the nuclei of 
skin cells of the epidermis. (3) At various intervals 
after irradiation, skin biopsies were taken from 
these animals and immunofluorescent studies per-
formed to determine whether there was in vivo 
fixation of mouse immunoglobulin and comple-
ment in the skin. 
It is apparent that the experimental model was 
designed to simulate as closely as possible the 
situation which exists in most patients with SLE. 
In the human disease, patients with SLE have high 
titers of antitissue antibodies present in the circu-
lation, and the postulated theory was that tissue 
antigens released from the skin into the circulation 
reacted with antibody and resulted in the forma-
tion of immune complexes at the dermal-epider-
mal junction. In addition, because of UVL damage 
to the skin in irradiated mice, the basement 
membrane was perhaps more permeable and anti-
bodies to thymine dimers might penetrate into 
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cells to react with UVL-induced thymine dimers in 
nuclei. The results of these studies are presented in 
the next three Figures. 
With immunofluorescence, it could be demon-
strated that mouse immunoglobulin and comple-
ment were localized in fine lumpy deposits at the 
dermal-epidermal junction. Figure 3A shows the 
presence of lumpy deposits of immunoglobulin at 
the dermal-epidermal junction in a strikingly 
similar pattern to that seen in the skin of patients 
with SLE. Mouse C3 was also present at the 
dermal-epidermal junction (Fig. 3B), but this was 
much less intense than staining for mouse immu-
noglobulin. In addition, fixation of mouse immu-
noglobulin and C3 could be demonstrated in the 
nuclei of epidermal skin cells just as it was seen in 
human patients with SLE. These latter findings 
are illustrated in Figure 4. Finally, large lumpy 
deposits at the dermal-epidermal junction, stain-
ing for immunoglobulin, and complement were 
also noted as was seen in the human situation (Fig. 
5). Thus it has been shown that the immunopa-
thology of skin lesions in human SLE could be 
duplicated in an experimental model in the mouse. 
The model had been designed so that the immune 
reactants consisted of UVL-irradiated DNA and its 
homologous antibody and the situation was one in 
which preexisting circulating antibody reacted 
with antigen released from damaged skin tissue. 
DISCUSSION 
Human SLE is almost certainly a disease where 
the etiology is multifactorial. It has been widely 
documented that related autoimmune diseases 
such as rheumatoid arthritis, Sjogren's syndrome, 
scleroderma, and SLE itself can occur in family 
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FIG. 2. In this study, sera from irradiated mice were 
assayed for the presence of thymine dimers in the 
circulation. The method used was inhibition of a comple-
ment-fixation system where increasing amounts of mouse 
serum were added to a complement-fixing system con-
sisting of thymine dimers and homologous antibody. Two 
hours after irradiation (uppermost curve) there was 
almost 60% inhibition of complement fixation when 0.05 
ml of mouse serum was added. Even 15 hr after irradia-
tion, significant amounts of thymine dimer were present 
in the serum to show inhibition of complement fi"xation. 
(From Immunopathology, 6th International Symposium, 
Grune & Stratton, New York, 1970, p 346) 
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FIG. 3. This experimental model consisted of using 
mice with high titers of circulating antithymine dimers. 
These animals were then irradiated with ultraviolet light 
and skin biopsies were taken for immunofluorescent 
study several hours after irradiation . A demonstrates the 
presence of mouse IgG at the dermal-epidermal junction. 
B shows a trace of mouse C3 in the same area. (From 
Arthritis Rheum 16:579, 1973) 
clusters so that genetic factors are one of the 
important considerations in the etiology of the 
disease. SLE is also present in higher incidence in 
pre-menopausal women than in men and hormonal 
factors are obviously important. Experiments in 
the New Zealand strains of mice with a disease 
somewhat similar to SLE have shown that viruses 
play an important role in the expression of this 
disease [17] and the viral etiology of SLE has been 
the focus of considerable attention of many inves-
tigators. In addition, environmental factors, both 
physical and chemical, are also etiologically impor-
tant. One of these environmental factors is proba-
bly related to the ultraviolet spectrum of sunlight. 
In studies in man [18], we have shown that UVL 
also causes the formation of thymine dimers in the 
DNA of epidermal skin cells after an exposure to 
UVL enough to cause a mild sunburn. 
The experimental model described above illus-
trates the immunopathogenetic mechanisms which 
brought about the production of pathologic lesions 
closley resembling skin lesions seen in human SLE. 
This does not necessarily imply that the immune 
system consisting of thymine dimer and homolo-
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FIG. 4. Similar study as in Figure 3 where the biopsy 
was taken at an earlier period of time before thymine 
dimers had been excised and released from the epidermis. 
IgG is present in the nuclei of epidermal cells (A) and 
mouse C3 is also fixed to nuclei (B). (From Arthritis 
Rheum 16:579, 1973) 
FIG. 5. Similar study as in Figures 3 and 4 showing 
large lumpy deposits of immunoglobulin (A) and C3 (B) 
in the mouse experimental model. In this Figure as well 
as in Figure 3, the asterisks were placed over cross-sec-
tions of hair follicles, which were autofluorescent. (From 
Arthritis Rheum 16:579, 1973) 
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gous antibody is the specific immune system or 
even a major immune system causing tissue injury 
in SLE. The effects of UVL on living cells pro-
duces many additional photochemical transfor-
mations in DNA besides thymine dimers [19]. 
These include the production of polymers of thy-
mine, cytosine-thymine dimers and cytosine-cyto-
sine dimers. Furthermore, chemical complexes 
between nucleic acids and nuclear proteins have 
also been described. Thus, it is conceivable that 
UVL damage to human skin could result in the 
production of altered nuclear macromolecules of 
different kinds and when these are released into 
the circulation, antibodies of different specificities 
are induced by the antigenic stimulation. The 
presence of antinuclear antibodies of multiple 
specificities in SLE is a well-recognized phenome-
non. This theory for the primary induction of 
autoantibodies is hypothetical. There are undoubt-
edly other mechanisms which might be responsible 
for causing the primary induction of these auto-
antibodies. Whatever the mechanism or mech-
anisms causing production of autoantibodies, the 
skin has to be considered as an important site for 
potential release of tissue antigens into the circula-
tion, setting up the situation where antigen reacts 
with preexisting antibody to cause immunological-
ly mediated damage to tissues and perpetuate the 
pathogenetic cycle of events. 
REFERENCES 
1. Tan EM, Kunkel HG: Arthritis Rheum 9:37, 1966 
2. Burnham TI, Neblett TR, Fine G: J Invest Dermatol 
41:451, 1963 
3. Cormane RH: Lancet 1:534, 1966 
4. Provost TT, Tomasi TB: J Clin Invest 52: 1779, 1973 
5. Tuffanelli DL, Kay D, Fukuyama K: Arch Dermatol 
99:652, 1969 
6. Percy JS, Smyth CJ : JAM A 208:485, 1969 
7. Gilliam IN, Cheatum DE, Hurd ER, Stastny P, Ziff 
M: J Clin Invest 53:1434, 1974 
8. Dixon FJ, Feldman JF, Vazquez JJ: J Exp Med 
113:899, 1961 
9. Landry M, Sams WM Jr: J CIin Invest 52: 1871, 1973 
10. Schreiner E, Wolff K: J Invest DermatoI55:325, 1970 
11. Schreiner E, Wolff K: Arch Klin Exp Dermatol 
235:78, 1969 
12. Levine L, Seaman E, Hammerschlag E, van Vunakis 
H: Science 153: 1666, 1966 
13. Tan EM: Science 161: 1353, 1968 
14. Tan EM, Stoughton RB: Proc Natl Acad Sci USA 
62:708, 1969 
15. Tan EM: In Immunopathology. 6th International 
Symposium. Edited by PA Miescher . New York, 
Grune & Stratton, 1970, p 346 
16. Natali PG, Tan EM: Arthritis Rheum 16:579, 1973 
17. Tonietti G, Oldstone MBA, Dixon FJ: J Exp Med 
132:89, 1970 
18. Tan EM, Stoughton RB: J Invest Dermatol 52:537, 
1969 
19. Smith KC, Hanawatt PC: Molecular Photobiology. 
New York, Academic, 1969, p 131 
DISCUSSION 
Sams: Do you have a concept of whether the entire 
immune complex is formed within the vessel and then 
migrates outward to bind to the dermal-epidermal junc-
tion, or does the antibody alone diffuse outward to bind 
with the antigen in the extravascular space? I ask the 
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question because, as you know, the same immunoglobu-
lins and complement are regularly seen in the clinically 
normal nonexposed skin of many patients with SLE. In 
this case, the antigen, if it binds extravascularly, may 
originate from cells undergoing resorption during the 
normal maturation of the epidermis. 
Tan: The studies of several investigators using elec-
tron microscopy show that electron-dense deposits can be 
seen in several areas, including basement membrane, 
within vascular lumens and in intercellular tissue spaces . 
The evidence, in SLE, is against antibody specific for a 
particular structure such as basement membrane, as far 
as the fine lumpy deposits at the dermal-epidermal 
junction are concerned. 
Claman: I have three questions: Were those hairless 
mice? Did you expose any of those mice to UVL on a 
long-term basis and then look at their glomeruli? Do 
patients with SLE who have high degrees of photosen-
sitivity have antibodies to thymine dimers? 
Tan: Our initial studies were performed with hairless 
mice but we later showed that with the germicidal lamp 
which emits UVL of shorter wavelengths (maximum 
emission of 254 nm'), ordinary white-haired or even 
black-haired mice were suitable for studies. The shorter 
UV wavelengths have very efficient penetrating capacity . 
Our studies were acute studies and not constructed to 
look at kidney lesions. I think your question could be 
answered by constructing studies of a chronic nature with 
repeated irradiations. These we have not done. 
We have examined sera from patients with SLE and 
compared the reaction with labeled. native DNA versus 
the reaction with labeled UVL-irradiated DNA. Some 
sera do show higher binding to UVL-irradiated DNA than 
to native DNA [picazo J, Tan EM: Scand J Rheum (in 
press)], suggesting specific antibodies to thymine dimers. 
Gilliam: This interesting experimental model de-
scribed by Dr. Tan demonstrates that subepidermal 
immunoglobulin deposits accumulate in the presence of 
serum antibody with specificity for an antigen released 
from epidermal cell nuclei. As shown in the Figure we 
have found that subepidermal immunoglobulin deposits 
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FIG. Scattergram showing serum DNA-binding in J.Lg 
DNA bound/ml of serum in 58 SLE patients, divided into 
those with ' subepidermal immunoglobulin deposits in 
normal skin (LBT pos.) and those without subepidermal 
deposits (LBT neg.). Values above 2 J.Lg DNA bound/ml of 
serum are significant. 
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in the normal non exposed skin of patients with SLE 
occur most often in those with high titers of serum 
antibody to double-stranded or native DNA (nDNA). We 
have also found similar subepidermal immunoglobulin 
deposits in the female F 1 hybrid of New Zealand Black 
and White (NZB/W) mice which have an SLE-like 
disease [Gilliam IN, Hurd ER, Ziff M: J Immunol 114: 
133, 1975)]. The NZB/W mice spontaneously develop 
antibodies to nDNA. These findings, taken together, 
suggest that this phenomenon may reflect the formation 
of subepidermal complexes of nDNA derived from epi-
dermal nuclear breakdown and anti-nDNA antibodies 
from the circulation. 
Tan: The presence of fine lumpy deposits at the 
dermal-epidermal clinically noninvolved skin is, I think , 
a fascinating finding and relevant to our experimental 
model. I interpret this to mean that in patients with SLE, 
small amounts of immune complexes are constantly 
being found at the dermal-epidermal junction, presum-
ably due to discharge of nuclear and cytoplasmic anti-
gens from epidermal cells and complexing of these 
antigens with preexisting circulating antibodies . The 
result of this may, in some instances, lead to clinically 
observable skin disease or disease in other organ systems . 
Harber: As both the " germicidal" and Hanovia hot 
quartz lamp emit nonphysiologic 254 nm radiation , I 
wonder whether or not you have had the opportunity of 
using a 300 nm source such as a Westinghouse fluorescent 
" Sunlamp" Tube or natural sunlight. If a 300 nm source 
is used, one would predict more effective alteration of 
protein than DNA. Perhaps 300 nm alteration might 
affect membranes and/or protein antigenicity . Can you 
comment on this facet as related to SLE? 
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Tan: Yes , we have done these experiments with the 
high-intensity UV monochromator in collaboration with 
Drs . Robert Freeman and Richard Stoughton. UVL of 300 
and 310 nm are also able to cause thymine dimer 
transformation in skin of hairless mice. Generally, higher 
amounts of energy are required at longer UV wavelengths 
than at shorter UV wavelengths, approximately 40 MED 
at 310 nm versus 10 MED at 290 nm . UV from sunlight in 
the range of 300 nm and more is detectable on the earth's 
surface. 
Zucker-Franklin: I have no trouble accepting your 
beautiful demonstration of immune complexes in the 
basal epidermis or even in the nuclei of the epidermal 
cells of UVL-irradiated mice. However, how do you 
propose a molecule as large as immunoglobulin could 
enter into the nucleus of a living cell? 
Tan: This has always been a perplexing problem and 
the question arises as to whether the finding in humans is 
an artifact. For a number of reasons, we don't think so. 
Firstly, many patients with high titers of antinuclear 
antibodies may show stippled, lumpy deposits at the 
dermal-epidermal junction but no IgG in nuclei. In other 
instances , skin biopsies may show IgG in epidermal cell 
nuclei , but cells ofliver and kidney biopsies are negative. 
In vitro studies , imbedding skin biopsies in sera with high 
titers of antinuclear antibodies and then sectioning the 
tissues in the cryostat do not show IgG fixation to 
epidermal nuclei of the cut sections. I believe that this 
finding is an in vivo reaction and may be related to 
damaged and therefore more permeable basement mem-
branes and cell membranes. This injury to membranes 
may be caused by either immunologic or nonimmuno-
logic reactions. 
